The chemical composition of an Italian oil of tarragon (Artemisia dracunculus L.) was analyzed by GC/EIMS. The major compound of the oil was estragole (73.3%), followed by limonene (5.4%), (E)-β-ocimene (5.3%), β-pinene (3.4%) and (Z)-β-ocimene (3.0%). The essential oil was tested "in vitro" for its antigermination activity against Raphanus sativus L., Lepidium sativum L, Papaver rhoeas L. and Avena fatua L. seeds and demonstrating a good inhibitory activity in a dose-dependent way.
Artemisia dracunculus L. (tarragon), a perennial herb or small shrub, belongs to the Asteraceae family, which comprises about 1000 genera and over 20,000 species. Tarragon has been grown for a long time in, for example, France, Germany, Holland and Russia for its aromatic value in seasoning salads and in the preparation of a specific vinegar [1] . In Europe it was used as a carminative and for improving digestive processes, while an alcoholic tincture was used as a sedative and anticonvulsant in epilepsy and seizures. It is used as a vitamin source in scurvy and avitaminoses [2] . Several biological activities have been reported for the essential oil and extracts of tarragon [3] [4] [5] [6] [7] . To our knowledge the antigermination activity of this essential oil has not yet been studied.
Allelopathy is a phenomenon which occurs very frequently in the competition between plants in agricultural systems. Plant release into the soil substances derived from their metabolism (secondary metabolites) that inhibit or stimulate the growth and development of neighbouring or successional plants [8] . The study of these substances might be important for understanding the mechanisms of ecological interactions, but also to identify extracts or pure compounds useful for the formulation of natural products with low or no environmental impact for agricultural use. In this context, the essential oils of five species of sage and twenty-seven monoterpenes have been tested against the germination of Raphanus sativus L. and Lepidium sativum L. by De Martino et al. [8, 9] furthermore Marandino et al. [10] have evaluated the essential oils of three Hypericum species for the potential in vitro phytotoxic activity against the same plants. Recently it has been reported that eugenol, a monoterpenoid alcohol, one of the major constituents in the essential oil of Ocimum basilicum L., Cinnamomum verum J. Presl and other plants, inhibits the root growth of Avena fatua L.
(an infesting plant) inducing the generation of reactive oxygen species (ROS) and leading to oxidative stress and membrane damage in the root tissues [11] .
The essential oils of lavandin (Lavandula angustifolia Mill. x L. latifolia Medik.), sweet fennel (Foeniculum vulgare Mill.) and thyme (Thymus capitatus L.) were tested in vitro for their effect on germination and radical growth of Triticum aestivum L., Hordeum vulgare L., Lolium rigidum L. and Phalaris brachystachys L. by Gitsopoulos et al. [12] . The essential oils assayed caused marked radical length inhibition in the seed germination of the tested plants.
The aim of the present study was to determine the chemical composition of the essential oil (EO) of A. dracunculus from central Italy and its possible in vitro antigermination activity against radish, garden cress, red poppy and wild oats seeds.
The analysis of the volatiles of A. dracunculus considered in this study is shown in Table 1 . No significant differences were detected between the three samples analyzed. Altogether 22 compounds were identified, accounting for 99.9% of the whole volatiles. The major components were phenylpropanoids (73.5%), followed by monoterpene hydrocarbons (24.7%), oxygenated monoterpenes (1.5%) and sesquiterpene hydrocarbons (0.2%). The principal constituent was the phenylpropanoid estragole (73.3%), followed by limonene (5.4%), (E)-β-ocimene (5.3%), β-pinene (3.4%) and (Z)-β-ocimene (3.0%). The composition of EOs extracted from the aerial parts of A. dracunculus shows great variability depending on the ecological environment in which the plants grow; Obolskiy et al. [13] reported that the composition of EOs of tarragon differ on the basis of plant origin and the main compounds were monoterpenoid compounds: aromatic and acetylene compounds, isocoumarin derivatives and fatty acids [13] .
Russian tarragon and French tarragon are the two best known regional "varieties" of A. dracunculus [14] and the differences between the compositions of their EOs have been reported: terpinen-4-ol, sabinene and elemicin are the major components of "Russian" tarragon, while estragole is the predominant compound of "French" tarragon [13] . The presence of high amount of estragole (73.3%) in our oil, as well as the presence of two isomeric forms of β-ocimene (3.0 and 5.3%) and the lack of terpinen-4-ol, sabinene and elemicin makes it seem more like "French" tarragon. The literature reports only three papers on the chemical composition of tarragon EOs from Italy. Tateo et al. [15] and Piccaglia et al. [16] found estragole as the major constituent (60.46% and 73-82%) in the EOs from plants grown in the hilly region of Italy (between Emily and Tuscany) and from plants cultivated in two experimental stations at the University of Bologna, (located in Northern Italy), respectively. The presence of cis and trans-ocimene (5-9%) plus estragole in the oil of Piccaglia et al. [16] makes its composition particularly similar to that of our EO. Curiously Curini et al. [17] found trans-anethole (53.4%) as the major compound in A. dracunculus "Piemontese" oil from central Italy.
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In this study the A. dracunculus EO was evaluated for its phytotoxic activity against germination and initial radical elongation of wild oats (Avena fatua L.) and red poppy (Papaver rhoeas L.), considered as common weeds, together with radish (Raphanus sativus L.) and garden cress (Lepidium sativum L.), two species usually utilized in these bioassays [8] [9] [10] . The oil affected in a different manner the germination and root elongation of the four used seeds. All concentrations tested showed no inhibition of seed germination of radish, while 0.250 µg/mL significantly inhibited radish radical elongation.
At a concentration of 0.250 µg/mL, only about 40% of garden cress seeds germinated; the highest concentrations tested completely inhibited the germination of these seeds; 0.125 and 0.250 µg/mL of the oil significantly inhibited their root elongation. A concentration of 0.625 µg/mL of the essential oil of tarragon totally inhibited the germination of poppy seeds and wild oats, while 0.125 and 0.250 µg/mL begin to inhibit their root elongation (Table 2 and 3). It is reported that some terpenoids, such as α-pinene, β-pinene and limonene, are potent inhibitors of seed germination [18, 19] . In our experiment, the PCM (Pure Compounds Mixture) and solutions of 2.6% α-pinene, 3.4% β-pinene and 5.4% limonene, as well as the solutions of 8.3% β-ocimene, 1.3% α-terpineol and 73.3% estragole, the main EO component, were unable to inhibit, up to 1.250 µg/mL, the germination of radish seeds (Table 2) . However, the PCM, limonene, and to a lesser extent β-pinene, inhibited the growth of radical radish at 0.250 µg/mL (Table 3) , as well as the essential oil. Limonene may be the most responsible for this inhibition.
Concerning L. sativum, limonene at 0.625 µg/mL, α-pinene and β-pinene at 1.250 µg/mL, completely inhibited the germination of garden cress seeds. The PCM and the pure EO inhibited this germination at 0.625 µg/mL; curiously, the PCM at 0.250 µg/mL induced germination of garden cress seeds of about 30% that of the EO, while at the same concentration, α-pinene and β-pinene induced germination of approximately 50% and limonene of 35% ( Table 2) . The best effect seen with the PCM and the EO could be due to a synagistic effect of the three terpenes (α-pinene, β-pinene and limonene) in the PCM, as well as in the original EO, as discussed by Vasilakglou et al. [20] .
The garden cress seeds radical elongation was significantly inhibited at 0.125 µg/mL by the EO and the PCM. The solution of limonene alone also inhibited the elongation of garden cress roots at the same dose; probably also in the case of water cress seeds, limonene could be the most responsible for the phytotoxic activity observed (Table 3) . Poppy seed germination was totally inhibited by the EO and PCM at 0.625 µg/mL. The PCM, limonene and α-terpineol alone allowed germination of about 35% at 0.250 µg/mL, and limonene alone totally inhibited germination at 0.625 µg/mL. Also, of the pure compounds, limonene totally inhibited the germination of poppy seeds at the lowest concentration ( Table 2) . A concentration of 0.125 µg/mL of the EO and the PCM significantly inhibited the poppy seeds radical elongation; among the pure compounds, α-pinene, β-pinene, limonene, α-terpineol and estragole, tested alone, showed, at the same concentration, the same activity, and all caused totally inhibition at 0.625 µg/mL, with the exception of α-terpineol (Table 3) .
Finally, A. fatua seed germination was totally inhibited by the EO and the PCM at 0.625 µg/mL. At the same concentration also the solutions of pure compounds tested, with the exception of β-ocimene, induced the same effect (Table 2) . Regarding roots elongation, the PCM and all pure compounds tested, except β-ocimene, showed complete inhibition at 0.625 µg/mL, as did the essential oil (Table 3 ).
The phytotoxic activity of α-terpineol has been reported by De Martino et al. [9] ; the same authors also reported that estragole, the main component of tarragon EO, showed no antigermination activity on radish and garden cress seeds, as observed in our bioassays, while, in our experiment, estragole was totally inhibiting of red poppy seeds and wild oats at 1.250 µg/mL and 0.625 µg/mL, respectively (Tab 2). Estragole antigermination activity was also observed on Lolium rigidum L. seeds [20] . Previous studies showed that the EOs extracted from various species and particularly their monoterpene fraction, as well as some oxygenated monoterpenes, such as α-terpineol and estragol [18, 19] , exhibited antigermination effects [21, 22] . Also α-pinene and limonene are known as strong inhibitors of seed germination , for example, α-pinene inhibits the radical growth of Cassia occidentalis L., Amaranthus viridis L., Triticum aestivum L., Pisum sativum L., and Cicer arietinum L. [18] ; it also inhibits seed germination and primary root growth in maize [19] and Amaranthus retroflexus L. [23] . On the contrary, α-pinene and β-pinene did not inhibit the germination of L. rigidum seeds, as reported recently [20] . Limonene also was phytotoxic to Amaranthus viridis L.; the seeds germination and radical length of the weed were significantly inhibited, even at low concentrations of this monoterpene hydrocarbon [24] . Anyway, several authors have reported the phytotoxicity of limonene to Alcea pallida Waldst. & Kit., Centaurea solstitialis L. [25] , Brassica oleracea L. and Daucus carota L. [26] .
The mechanism of the inhibitory action of EOs remains unclear, although it has been reported that volatile oils, and particularly the monoterpenes, inhibit cell division of apical meristems. Probably the main cause of this action may be the generation of ROS-induced oxidative stress and inhibition of DNA synthesis or disruption of the membranes [11] .
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Natural Product Communications Vol. 10 (8) 2015 1471 In agreement with this hypothesis, Singh et al. [18] showed that the inhibition of root growth of the C. occidentalis seeds exposed to α-pinene is due to an increased production of reactive oxygen species (ROS) that cause oxidative damage in root tissue, as indicated by increased lipid peroxidation and elevated antioxidant enzyme levels in these tissues. The present study shows that the EO of tarragon has in vitro antigermination activity against radish, garden cress, red poppy and wild oats seeds. This, in accordance with De Martino et al. [8] , may explain the importance of EOs and some of their components as chemical mediators in interaction among higher plants.
Experimental
Plant material: Aerial parts were collected during the flowering period, June 2013, in a station located near the city of Urbino (PU), Marche region (central Italy), at 500 m above sea level. Plants were identified by Doct. Daniele Fraternale and voucher specimens were deposited in the Herbarium of the Botanical Garden (Ad.14).
Isolation and analysis of the essential oil: Fresh leaves and inflorescences of A. dracunculus were hydrodistilled using a Clevenger type apparatus for 3 h; the distillation procedure was made in triplicate. The EO was separated and dried over anhydrous sodium sulfate, stored in hermetically sealed glass vials and kept at 4°C until analysis and biological tests. The oil yield was 0.4%, v/w. GC/EIMS analyses were accomplished as previously reported by Table 3 : Effect on radical elongation (cm) of EO, PCM, and solutions of the six major pure compounds of Artemisia dracunculus essential oil at the same percentage found in the oil and 2.4-D isooctylester., against germination of Raphanus sativus, Lepidium sativum, Papaver rhoeas and Avena fatua, five day after sowing. Results are the mean of three experiments ± SD; for non-germinated seeds, the length of the root was considered equal to 0 cm. Fraternale et al. [27] : briefly the GC analyses were performed with a HP-5890 Series II instrument equipped with a HP-WAX and HP-5 Capillary column (30 m x 0.25 mm, 0.25 μm film thickness), while a Varian CP-3800 gas chromatograph equipped with a HP-5 capillary column (30 m x 0.25 mm; coating thickness 0.25 μm) plus a Varian Saturn 2000 ion trap mass detector were used for GC/EIMS analyses.
Biological assay: According to De Martino et al. [9] and Vasilakoglou et al. [20] , the following pure compounds present in A. dracunculus EO, which are potentially responsible for the phytotoxic activity, estragole, limonene, β-pinene, α-pinene, α-terpineol and β-ocimene (the sum of the percentage of (Z)-β-ocimene plus (E)-β-ocimene) were tested. Six solutions were prepared where each pure compound was present in the same percentage as that in the original tarragon EO: 73.3%, 5.4%, 3.4%, 2.6%, 1.3 and 8.3%, respectively, in H 2 O/acetone (99.5/0.5). A pure compounds mixture (PCM) was also prepared by mixing in H 2 O/acetone solution, as above, the six pure compounds in the same percentages present in the EO. The PCM and each solution of pure compound were used in the tests for seed-germination at the same concentrations used in the original EO: 0.06; 0.125; 0.250; 0.625; and 1.250 µg/mL [8, 9] . The seeds of R. sativus, L. sativum L. and P. rhoeas were purchased from Fioral srl, Cesena (FC), Italy. Seeds of A. fatua were collected from wild plants and identified by Doct. Daniele Fraternale.
The seeds were surface cleaned in 95% ethanol for 15 sec, rinsed 3 times in distilled water, and sown in Petri dishes (diameter = 90 mm) containing 5 layers of Whatman filter paper, soaked with 7 mL of either distilled water (control), EO, PCM, or the solutions of the major pure components found in the EO. Culture conditions were 24± 1°C with 16 h photoperiod of 1500 lux light. The herbicide 2,4-D isooctylester (Sigma-Aldrich, Darmstadt Germany) was also used as reference. The acetone-water mixture behaves like water alone against the germination and radical elongation of the seeds used.
Each Petri dish contained 10 seeds. Data are expressed as the mean ± SD of both germination and radical elongation. Each experiment was made in triplicate.
Statistical analysis: The Student's t test of independence was applied. In the tests of radical elongation, for non-germinated seeds, the length of the root was considered equal to 0 cm.
